viverrini infection using hot spot analysis. With that, this model can be used to forecast both area and timeframe of opisthorchiasis at the local scale, which can be used to support health planning for implementation of disease prevention and control strategies.
I. INTRODUCTION
Infection with O. viverrini, also known as opisthorchiasis, is a major public health problem in many countries in Southeast Asia including Thailand 1, 2 . The liver fluke (O. viverrini) infection in Thailand is variable in each region. Northeastern (34.6%) region has the highest prevalence, followed by central (6.3%), northern (5.6 %) and southern (0.01%) regions with the nation-wide average prevalence of 14%, or 7 million people were infected across the country 11 . People with an infection have a behavior of eating raw meat of cyprinoid fish, which allows parasites to enter to their bodies. Cyprinoid Climate plays a significant role in the determination of geographical distribution of O. viverrini 3, 4, 5 . The infection of O. viverrini in snail is temperature-dependent in which the increase of 1°C resulted in increased odds of infection by 5.4 %, whereas the temperature of 34°C can be increased the infection rate as 44.14 %
5
. Furthermore, there is a report that an annual incidence rate of liver fluke infection in people living in Guangdong City, China corresponded to the increase of temperature and rainfalls 6 . In addition, the distribution of parasites is sensitive to the fluctuations of temperature and precipitation because the water temperature affects sex, size, as well as the survival and reproduction of the snail intermediate hosts of liver flukes 6 .
The prevalence of O. viverrini infection in Thailand is changing with close relation to the environmental factors. The goal of this study is, thus, to assess the impact of climate changes on O. viverrini infection. We first investigated the relationship between climate and the risk of O. viverrini infection using the climate-driven disease model. The precision of the model was validated by comparing the model to the risk areas as determined by the hotspot analysis. Taking all the data together, the results from this study will provide better understanding on the possible impact of climate changes on O. viverrini infection, which would be beneficial for future policy planning. 
II. METHODOLOGY

Study location
Climate data
Climate data in 2009 were obtained from the Thai Meteorological Department. Monthly data with the following climate variables: minimum, maximum and mean monthly temperature (ºC), number of rain days per month (>1 mm), and monthly rainfall (mm) were used.
The climate-driven disease model analysis
The climate-driven disease model was used to calculate the risk of opisthorchiasis using the Ollerenshaw index 7 . The monthly O. viverrini risk value (Mt), which is dependent on the interactions between temperature, precipitation and the frequency of rainy days, was calculated as follows: The value is defined to zero when the mean monthly temperature is below 10ºC to reflect the low development thresholds
Hot spot analysis
The location that has statistically significant cluster of opisthorchiasis (risk area) was identified using the hot spot analysis. For hot spot analysis, a Getis-Ord Gi* statistic, which produces a GiZScore and a p-value for each feature, was calculated for each feature according to the properties of its neighbor features using the following formula: 
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The results of GiZScore tells features with either high or low values cluster spatially. To be statistically significant hot spot, a feature should have a high value and surrounded by other features with high values. The local sum for a feature and its neighbors is compared proportionally to the sum of all features 11 .
III. RESULTS AND DISCUSSION
Predicting the risk of opisthorchiasis using the climate-driven disease model
The predicted risk of opisthorchiasis due to climate in the North and Northeastern regions in 2009 was significantly higher in May, June, July, and September with the highest overall predicted risk in July (Figure 1) . From the risk map in July, the provinces with the high risk level (red area) were Bung Kan, Nakhon Phanom, Ubon Ratchathani and Sakon Nakhon, in the Northeastern region. These results indicated that the months when climatic conditions were found to be optimal for the development of the parasite as well as its intermediate host snail 
Predicting the risk of opisthorchiasis using the hot spot analysis
To validate the predicted results obtained from the climatedriven disease model, the hot spot analysis was used to identify clusters of opisthorchiasis based on the prevalence data of O. viverrini infection. As shown in Figure 2 , the Northeastern region of Thailand has very high clustering (hot spots preseted as red dots) of O.viverrini infection, indicating that this region is at high risk of opisthorchiasis. In contrast, a very high clustering of low O.viverrini infection (cold spots presented as blue spots) was found in the Central, Eastern, and the lower part of Northern regions, indicating that these regions are at low risk of opisthorchiasis. There was no clustering of O.viverrini infection (white spots) in the Western and Southern regions, as there were no observed infection. Furthermore, the hot spots of O.viverrini infection found in Northern region were well in line with the predicted risks of opisthorchiasis based on climatic data. These results indicated that the climate-driven disease model is suitable for forecasting the risk of opisthorchiasis in Thailand.
IV. CONCLUSION
This study demonstrated that there are strong links between climate and O.viverrini infection, and thus, the climate-driven disease model can be used to assess the impact of recent and potential impact of future climate changes on the risk of opisthorchiasis. 
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